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Observations and Calibration
M87 was observed over the first half of the night on each of 2009 April 5-7, using an array consisting of the JCMT on Mauna Kea (J), the SMT in Arizona (S), and two dishes from the CARMA array in California (C and D). On the summit of Mauna Kea in Hawaii, the Submillimeter Array (SMA) housed the VLBI recording system and synthesized the Hydrogen Maser based VLBI frequency reference used at the JCMT. The observational setup and correlation for this observing campaign have been described in detail elsewhere (37) . The baseline coverage of the observations over the three days is shown in Figure S1 .
Once correlated using the Mark4 VLBI correlator at Haystack Observatory, the data were fringefit using a standard data reduction package developed at Haystack Observatory for high frequency VLBI data reduction (37) (38) (39) (40) . The data were first inspected to determine the coherence time, the time interval over which the VLBI signal can be coherently integrated. For 1.3mm wavelength this time is determined by atmospheric turbulence and typically ranges from 1-30 seconds. VLBI detections were determined through a 2-d search over interferometer delay and delay-rate. At each search grid-point the data for a VLBI scan were rotated to the proper delay and delay-rate, and the scan (typically 10 minutes) was segmented into smaller intervals corresponding to the coherence time of the atmosphere. For each baseline, these segments were noise de-biased and incoherently averaged. A fringe detection is signaled by a significant peak in incoherent signal to noise ratio in the search.
To convert the processed data to units of correlated flux density, the VLBI correlation coefficient for each baseline was multiplied by the geometric mean of the System Equivalent Flux Density (SEFD) of both antennas. Measured in Janskys (Jy), the SEFD is a product of antenna gain (Jy/K) and the opacity corrected system temperature (Tsys). For all three sites, Tsys was measured just prior to each ~10 minute VLBI scan using a vane calibration technique that corrects for the atmosphere. For the JCMT and SMT, antenna gains were determined from observations of planets at several points during the multiple day campaign, and the gains were observed to be stable. Relative gains for the two CARMA dishes were estimated using observations taken by CARMA in interferometric array mode before each VLBI scan, and the gains were then set to a common flux scale using planet scans at the end of each night. The results of this a-priori calibration of the VLBI amplitudes are shown in Figure S2 .
Large scale (~arcsecond) structure due to the relativistic jet in M87 causes beating in the amplitudes on the short baseline between the two CARMA antennas. The jet structure was imaged using CARMA array calibration data taken before each VLBI scan, and the resulting map is shown in Figure S3 . The total flux density of M87 measured with the CARMA array was 1.9 Jy, and the value measured at the Submillimeter Array was 1.97 Jy. We have adopted the SMA value and adjusted the flux density level in the large scale M87 image accordingly.
After the a-priori calibration, there were clear differences between amplitudes on the CARMA-CARMA (CD) VLBI baseline and the amplitudes expected from the CARMA image ( Figure  S3 ). These differences may be due to imperfect determination of antenna SEFD or pointing errors. These same errors cause amplitude variation between baseline pairs to the two CARMA dishes (e.g., SC and SD or JC and JD). Variations within each scan between the two observing bands are caused by instrumental differences in the signal paths at each antenna for each band.
These residual calibration errors and amplitude variation were corrected as described in previous work (37) . After the gain-corrections are applied, the CD amplitudes track the model amplitudes (with signal to noise determined by averaging the high and low band CD detections together), and the SD and SC baseline amplitudes are averaged to a single value per VLBI scan (again with signal to noise determined by computing the weighted average). The effect of gain-correction on the JC, JD, and SJ baselines is minimal <5%).
The short CD baseline is sensitive to emission on arcsecond scales, and variations of 10% in the amplitudes on this baseline are due to beating between the bright core and "knot A", compact emission due to a shock in the jet 12 arcseconds downstream. The dropoff of ~1 Jy between the very short CD baseline and the SMT-CARMA baselines (SC and SD) is indicative of resolved jet structure on scales larger than . A similar dropoff is seen with 7 mm VLBI where arrays with more telescopes are able to map the extended emission in the jet on these scales (17) .
Circular Gaussian Fits
Results of Gaussian fits on each day of observations are shown in Table S1 . Data on the long baselines between the geographically separated sites (CARMA, JCMT, SMTO) were fitted using weighted least-squares to a circular Gaussian model parameterized by the Full Width Half Maximum (FWHM) and the total flux density. Contours of χ 2 were used to determine the uncertainty in each parameter (Table S1 ).
Lensed Size of the Innermost Stable Circular Orbit for Arbitrary Black Hole Spin
The radius of the Innermost Stable Circular Orbit (ISCO) for a black hole of arbitrary spin is given (in units of M) by (41) (1)
The upper sign in Eq. 1 is used for prograde orbits and the lower sign used for retrograde orbits.
The last photon orbit in the equatorial plane for a black hole with arbitrary spin is given by (4) In the equatorial plane, the apparent radius of the ISCO for an observer at infinity is given by (28) 300 as
where (6) Figure 3 in the main report shows the intrinsic ISCO size and the apparent ISCO size as a function of black hole spin both in the equatorial plane (equation 6) and looking down the axis of rotation of the black hole (through ray-tracing simulations). Black points near zero-baseline length show flux density on the ~60m baseline between the two CARMA dishes, which we measure to be 2.0 Jy. The CARMA-SMT baselines are shown in red; the two baselines from CARMA dishes to the JCMT are shown in magenta and teal; the SMT-JCMT baseline is shown in blue. Calibration errors of 5% have been added in quadrature to the random errors associated with the incoherent fringe search performed on each baseline. Solid black curves show the linear least squares best-fit circular Gaussian models (see Table  S1 ). Dotted lines show the circular Gaussian models corresponding to the 3σ limits on source size. Both the FWHM sizes and compact flux densities obtained from weighted least-squares fitting for each individual day are consistent at the 3σ level, indicating a constant compact structure at the jet launch point over the three day observing campaign. Note. The error on the detected flux density includes a 5% systematic component added in quadrature to the random error.
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